General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 





Technical Memorandum 79616 


(^^ 5 ^- 1 *^- 79616 ) 
HILLIMETEF WAVE 
A03/FE A01 


CONTACT ViHSKFFS FCF 

CIOCF5 (NfcSA) 37 y. HC 

: SCI c s li 


0,3/33 


nTH-I 1 ■*55 


9 nr las 
3 09 ■> 5 


Contact Whiskers For 
Millimeter Wave Diodes 


A. R. Kerr and J. A. Grange 


august 1978 


National Aeronautics and 
Space Administration 

Goddard Space Fligtit Center 

Greenbelt, Maryland 20771 



t'ONTAl’T WlllSKKUS KOU Mll.l-IMK TKU WAVK DIODKS 


l)V 

A. H. Kt'i r & A. I'.ranni' 

NASA iNs rrri' I'K koh spai'k s thdiks 
Nt'w York, N. Y. 10(UIf» 


aiui 

. 1 . A. l.iol»tonlH'rnor 

MKrA-in.A'l’K 
I'harloUosvnU', VA 2'2\m 


Mav r.»7S 



CONTKNl'S 


Abstnu't 

1. Intnuhirtion aiul Cii'iu'ml l>isrussion 

1.0 Inti'tHhiotion 

1. 1 Kloi. ■'•ical I'harai’tt'risticH 

1,1! Whlskor Material 

1.11 Whisker Pi>lnt Inn 

2. Kloctrieal Considerations 
2. 1 Whisker Hesistanee 

2. 1. 1 DC Hesistanee 
2. 1. 2 HK Hesistanee 
2. 2 Whisker Tip Iniiuetanee 

2.11 Whisker Capaeitanee 

.1. (Vneral Fabrieati»>n Considerations 

11. 1 Cleaninn 

11.2 Strainhtness 

11. 11 Storane 

11. I Ktehant Vibrations 

11. f) Whisker I'ointinn Apparatus 

11,0 Cell lor I'CK Solution 

11.7 Whisker Ktehinn 

11.8 Ihdse Illuntinn 
Cleaninn Hefore Cold Platinn 


11.5) 


CONTKNTS tl'onrd.» 


,H. 10 intld IMatiuK 

II. n Tost of PlatlnK i^iality: tho l^^«h Tost 

1, Stop-by-Stop Fahrto.atton I'nvinluiv 
.*>. UofotH'iH'oa 



AusruA( r 


Si'v**val ttH’hnluuos art' invt'ali^attHl U»i Mukink^ sh»*rl i*onu';il tips i*n wiros 
iwhiskt'rst usoit lor i'lUitaotuiK mtlUmoloi w.iw >tlk\ (IuhU's. v*:u* piiHvituio, 
usinj; a phosplu»i u' ami ohi\*mio aoiit t'loliiii); soUiIumi »s U<uikI li* mvo >;\hhI 

vt'sulls on 11*0111 ph\*sphoi- l*roiw«> wiros. Full oono an^iU's ol oO" -sO' aro ovnisist- 
t'lillx ol'taiiu'tl, i'itiu^xai'iHl with Iho l:V -i*o an>;U's ^>t>tallu^t with iho wuU'l> usoil svhUuio 
l\Vih‘o\uU' oti'h. Mi'IIuhIs atv alsv> iU'soviIhhI lor olt'anin^, uu'rt'asin^ tho tip vlianioior 
li.o. MuntiiiKt. ^v'hl plating, ainl lostin^; tho oonlaot rwsistanoo ol tlu- \i luski'r. 

I'ho olltn'ls ol tlu' whiskt'i' tip sliaiH’ v»ii tlu‘ I'Uvtriv'al rt'sistaiioi', iiuluolaiu'i', 
aiul I'apaoitaiu'i' ol tlio whiskors aro stiulital, aiul oxaiiiplos ,i;i\t'ii lor tNpioal st'ts v*l 

IKiraiiKiiMs. 


Introduction and General Discussion 


§1.0 Introduction 

The fabrication of pointed wires for contaeting Schottky diodes is probably the 
least eontrolled step in the fabrication of millimeter-wave mixers and detectors, and 
has always involved considerable luck. In working towards higher frequencies, the need 
for smaller and better controlled whisker points led to our undertaking the theoretical 
and experimcjntal work reported here. 

§1.1 Electrical Characteristics 

Section 2 of this report discusses the electrical characteristics of conically 
pointed contact whiskers. If the contact area between the whisker and diode is extrem'3- 
ly small, excessive contact resistance may be introduced in scries with the dicxic. On 
the other hand, if the tip of the contact whisker is comparable with or wider than the 
diode’s anode, excest'' capacitance may result in shunt with the diode. Wnisker points 
which arc verj’ long and thin art* mechanically delicate, while stubby whisker points can 
withstand mare physical abuse (c. g. repeated contactings) and have the additional ad- 
vanUigc that the whisker can be bent much closer to its tip, allowing a shorter overall 
whisker. 

§1.2 Whisker Material 

Our experiments have been almast exclusively with commercially available* 
12um diameter phosphor-bi'on/.e wire (Alloy C: 92'? Cu, 8'( Sn, stress relieved). 


* 

Sigmund Cohn Co. , Mt. Vernon, N. Y. 



Earlier work using pure gold and tungsten wires gave unsatisfactory results: Gold 
whiskers, being extremely soft, are easily damaged and appear to have insufficient 
elasticity to ensure a secure contact with a diode. Tungsten on the other hand is very 
hard and has a tendency to punch through the metallised anode of a diode, forming a 
tungsten-GaAs point-contact diode in parallel with the original Schottky diode, which 
has a disastrous effect on mixer performance. This has been noticed particularly in 
cryogenic mixers where differential expansion with repeated cooling gradually works 
the whisker through the anode metallization of the diode. Phosphor-bronze wire largely 
overcomes both these problems, but must be gold plated to ensure a good contact (see 
Section 3.11 on contact resistance). A gold-nickel alloy, Nioro**, has reportedly given 
excellent results when etched with a potassium cyanide solution, and requires no 
plating. We have not tested this material, nor have we used any cyanide etching solu- 
tions, as it is considered desirable to avoid using highly poisonous materials. 

§1.3 Whisker Pointing 

In Section 3 details are given of the whisker fabrication procedure we have found 
most satisfactory so far. In arriving at this procedure a number of different approaches 
were tried, all using electrolytic etching of the phosphor-bronze whisker wire in some 
aqueous electrolyte. Sodium and potassium hydroxide solutions (~10‘^ by weight) had 
been in use in our laboratory for several years and had both given good results where 
relatively long whiskers were acceptable (full cone angle <~15®). An AC voltage 
(~3V RMS) was used, with a platinum cathode, followed by pulse blunting to increase 
the tip radius (see §3. 8), then gold plating. Similar results were obtained using DC 
(~2V). However, despite many experiments, we could find no way to produce large 
cone-angles using this electrolyte. 

82% Au, 18% Ni, Western Gold & Platinum Co. , Belmont, CA. 


Microscopic examination of the etching; priK'css sunucslcii that the surface tension 
an«i contact anulc In'twccn the surface <>f ihc liqrui ami the whisker were eritieal in lieter- 
minin^: the shape of the final |M>int. In particular it appeari'ti that the surface tension, 
aetinp; alon^ the surface at the contact |M)inl, suppo: tetl the liquiti raiseii in the in.'niseus 
ubt)ve the mean surface level. As the metal was eti-heil away the win* diameter was 
reAieed, thereby rechieins the total foree available to sui)()ort the meniscus at the 
whisker - see Fij;. 1.1. 



Fin. 1*1 Shatied m musi-us liquid is suppi>rted by the foree 


2nrF sin e. 


ConaiHiutMUly, as tho wire dhuiu'lor was rtHhu-tnl, the nv'nisrus fell, nivinn rise to an 


aim >8t eonieal pt)int. ♦ 


As a first attem.it at making blunter eor.e anjiles, we tried tt> ehant>»> the eontaet 
an^U' between the eleetrolyte and the whisker by floating a non-eoiuhietinn lluiii pen- 
tine) on top i>t the eleetrolyte tlOS NaOll). This resiilteii in a reverse m 'niseus when* 
the whisker penetrated the interiaee between lluids. Stun ' aeeeptable whiskers with 
(full) eone an>iles • tr)' were made in this way, but results were erratie ami the yield 
small, probably ihie to ^as bubbles beiun trapped at the lluid intertaee. ** 


The next approaeh ti> whisker pointinj; was to use an eleetro-pt^lishing st>lution 
as eleetrolyte. Sueeessful results have Iven reported^ usin^ an eleetrolyte emitain- 
inn sulphurie, ehromie, and phosplu>rie aeids ( 1 I'', : 0. r>', : IP', by weight, t lie re- 
mainder water). However we were not able to get repiHxiueible results witli this. We 
believe that the tem,H‘rature aiul proportions of the eonstituents are quite eritieal, as 


ihey are when the solution is used in more eonventional eleetri'polisliin>; applieations. 
.Sueeessful eleetropolishin^ of eopper has lu'en aehieved usiiif; 8r>‘\ phosphorie aeid in 
whieh a quantity of eop^x'r has been eleetrolytieally dissolved, lliis tiHi \\-as found un- 
satisfaetory for pointing; phosphor-bron/e wliiskers. 


A totally different theory of eleetrolytie wire pointing is given by Martin et. ai. “ ' 
for tungsten wires. They attribute the pointing aetioii to the eonvt'etion of ions near 
the ni 'tal surfaee. We feet that this is not a donvnant effeet under the etehing eondi- 
tions we normally use, in whieh eopious evolution of bubbles oeeurs. 


♦ ♦ j 

I.idholm deseribes a metluHi of adjusting tlie surfaee tension of a NaOll etehing 
eleetrolyte by the adilitiou of a small am umt of m 'thanol. We have not tried this ap- 
proaeh as his report was reeeived after eompletion of tliis projeet. The wliiskers 
shown in his photographs Ivive eone angles of l.T" - 12;V\ i. e. smaller thar l ur target 
of tUr" - 5)0'^ . 


A third elect ropolishiriK solution, which we shall call IX' K, consistin>j of phos- 
phoric and chromic acids, ami water (80%: 5‘ ): 15'?, weight), was tried and found 
to give clean points with (full) cone angles of (>0'^ - 80° when (Ktinting phosphor-bronze 
whiskers. The exact mechanism af this process is not clear, but microscopic observa- 
tion suggests that it depends on (i) having a suit:ible meniscus shape (i.e. contact angle), 
(li) the rate of bubble evolution, aiKl (iii) the foi-mation of a tninsparent sheath, proba- 
bly tin oxide or hvdi'oxide, as the wire is etched away. This sheath seenn to dissolve 
gradually in tiu' electrolyte as etching progresses, ami usually f:ills away from the wire 
just before etching is completed. This whisker pointing priK'ess is deserilx'd in detail 
in Section 5. 

Figure 1. 2 shows somo typical whiskers made using the various procedures de- 
scribed abt>ve. These whiskers have not Ix'cn "blunted", nor gold plated, but are as 
they appear after etching :md cleaning in dilute hydrochloric acid. 




# 26 10% NaOH 
2 V DC 


TWO FLUID METHOD 


# 8 10% NaOH 

3 V AC (RMS) 


EPC-3 SOLUTION 




# 290A 


# 306A 


# 292A # 294A 

PCE SOLUTION, 0.74-0.76 V 


FIG. 1*2 Typical whiskers made by the various processes. SEM photographs 
are at various magnifications. All wires are 0.0005" (12.5 Um) diameter. 
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^2. Electrical Considerations 


S2. 1 Whisker Resistance 
§2. 1. 1 DC Resistance 

Assuming uniform .•urrent flow in the w’hisker, iind radial current flow in the 
tip, the DC resistance is (see Fig. 2. l(a)l 
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The DC tip resistance of a phosphor-bronze whisker is plotted in Fig. 2. 1(b) as 
a function of a, r^^, and r ^ . The DC resisUuiee per 0.001" of the straight part of the 
whisker is piotted in Fig. 2. 1(e) us a function of wire radius r^ . 

?2. 1. 2 RF Wlusker Resistance 

At high frequencies the current in the whisker can Ih' eonsiilereii to flow with 


unifomi density in a skin of depth 6 on the surface of the whisker, where 



FIG 2 !(b) 



FIG 2.1(c) 
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y p(ohm-cm) 
f(Gllz) 


um 


(for non-m'iKnetic conductors) . 


For >?old at 100 GHz, 6 0. 25 u m. Hence if a whisker is plated with gold to a depth 

>>0.25uni, all the RF current will flow in the gold. 

For a whisker of length L, with a tip radius r^ » 6, the RF res. stance is 
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The RF tip resistance at 100 GHz of a gold plated whisker is plotted in Fig. 2.2(a) as 
a function of ttj, r^^, and r ^ . The RF resistance per mil of the uniform pari of the 
whisker is shown in Fig. 2.2(b) as a hmetion of wire radius r^. These graphs can be 


/f(GHz) 


used for other frcHiuencdes by miiltipl ,’ing the resistance values by 


100 







§2,2 Wniskor Tip Imhictanco 


'Pho tH|uivnk'nl eirinit of a dlodo conlacl whisker is a complicated funetion of 
the geonv'try and dim.,'nsions t)f tlie diixie m-xintinn strueture. However for the 
punK)se of eomparinjj whiskers with different tip shaiH's it is ixissihle to eonsitier only 
the intUietanee ihie to nvl^^netie ener>?>' stored in the vicinity of Hie uhisker tip, provided 
the tip dimensions are mueh smaller than a wavelenj^h. We shall use the term tip 
inductance to denote the exeess inductanee of the iHunted wire over that tif a 

uniform wire of the sam.‘ len^dh. The tip induetaiK'e is then the induetanee line to the 
magnetic enerjt;>’ stored in the shadeii renion in Ki^. 2. 2ta>, plus a usiuilly small eor- 
rection for the difference in skin inductanee ludween the uniform wire :mti the eonieal 
point. Henee, with referenee to Fij;. 2. 3tal, 
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Tho tip Induotniu'o i» slumn in FIr, & {v), srparaloii into itn oonstant and 1 \ f - 

de|H‘ndi*nt oompononta, fi»r Rolii plalod whlakora at 100 (.ill/.. 



TIu' I'apiU'itaiu'o lu'twrrn tlu* Up of tho oontaot whiskor aiut tlio surfaoo of tiu' 
dlixio oidp appoara in parallol with tlu* junotlon oapaoltanoo of tho diodo, and honoo 
plays a rolo in dotornUninR tl»o ndoia>\vavo porfonutinoo *d‘ a m'xor or dotootor. 


Thoi t' appoars to l>»' no sim,ilo anaivtii'al sohiU*>n ' for tho olootrio Hold Ih*- 

twoon a Rrmnul piano and a oondiiotlnR surfaia* i>t rovolntii>n whoso axis is porooniiioidar 

^ ] 

tt» tiu' Rroinul plant'. l\tr an t'llipsi'itial surfaoo an I'xaot sidution t'xists , Init tins is 


not a RtHxi apprt'xiination t»» tuir ptnntt'ii wirt'. I\»r a oylimlor with oh*soii t'luls, tooh- 

I ^0 1 

ni(|nos 5‘t>r oon\,mtor st»lutii*n havt' Ix't'n pn>pt*st'tl l)v Sinytlu* * aiul Marii\ ^ , h’lt thoso 


aro not simplo to ijuploin-'nt. 


I’o ooinparo tiu* whiskor-ti>-ohip oapaoilanoos of whiski'rs with varunis pi>int 
shapt's a«ul liianu'tors wt' rosi*rt lu'it* ti> a ot>nvoniont approxi'-aatt* aiulvsis, with tlu' 
IbllowinR assum.»tit*ns: ^st'o FiR. 'J. i(a»t 


Ut rho t'lt'otrio fiolil lu'twoon tho oonioal siiios of tho whiskor tip anil tho snr- 
faoo i»f tho iliiHlo ohip is ti'i'oidal. 

Uit rho t'li'otrio fit'lii lu'twt'on tho uniform si>otii*n i>f tho whiskor wiro and tlu' 
surfaoo of tlu' olup is alsi> t«n'oitial. 

iiiit riu' olootrio fiohls at liistanoos Rivator tlian -it.OOa" from ‘ho tip will Ih' 
imiopi'ndt'nt of tho tip Roonu'try for all praotioal oasos. 
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For comparison purposes the approxinvitc whisker-to-chip capacitance, C , of the 
last 0.005" of the whisker will Ih' ealculateii for a number of different whisker geome- 
tries and diixie diameters. With reference to Fin. 2. •i^ai, we have: , .p “ C, ♦ C.,, 

where and C',, depend on the diixie diameter, contact diameter, wire diameter, and 
tip cone-annle. Typical values of C are shown in Fin. 2. 1 for 2.5 and 5um diame- 
ter diixles. 

If the whisker has too larne a tip diameter, i*r is pusheii too hard v>nto the ditxie, 
so that it is in contact with the chip outside the perimeter of the aiuxie metalli/ation 
(see Fin. 2.5(ad, there will lx* an additi<'nal capacitance in parallel with C'j :md 
C'^. C'.j liepends on the thickness of the Sil>,, layer on the semiix)nductor chip, !iiul :» 

«> M 

typictil value of 0.5am has been assumeii in ealeulatinn the results in Fin. 2. 5(bb 

The ni"U>li^ i>' Fins. 2. I and 2.5 were eomixded usinn the followinn iHjuations: 
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?3. General Fabrication Considerations 


In this section the miin steps in pointing, plating, and testing phosphor-bronze 
contact whiskers are discussed in detail. The complete step-by-step fabrication pro- 
cedure is given in §4. 

Som? differences of opinion exist on whether a contact whisker should be pointed 
before or after it is bent to its firuil spring shape. For the very short whiskers used in 
mixers above 100 GHz we have found it more efficient to point before bending. Although 
this m?ans that care must be taken not to damage the point while Ix'nding the whisker - 
which is not difficult if a well designed bending jig is used - it has the following advan- 
tages over the beiui-bcfore-point approach: (i) if a good point is not obtained, the wire 
can be pointed again; (ii) the distance from the whisker tip to the first bend can be 
better controlled; and (iii) there is no problem arising from the etching solution tend- 
ing to climb around the first bend. Throughout this section amt section 4 it is assianed 
that a whisker ~l/4-inch long is attached to the end of a 0.03-ineh diam?ter nickel post 
for ease of handling. After pointing and plating the whisker w’ould normally be btmt into 
the desired shape, using a bending jig, and then soldered to the final w'hisker post to be 
used in the di(xle mount. 

§3. 1 Cleaning 

Phosphoi>- bronze wire that has been storeti for any length of tim? will have 
a certain amount of surface tarnish. To enable the tip of the wire to etch to a symme- 
trical final shape it is important to rem )ve this tarnish along with any other contami- 
nants that are present. The most successful cleaning agent we have found for removal 
of tarnish from phosphoi'-bronze wire is a 50% (by volume) solution of hydrochloric acid 


in lilsUUoil wnItM' nl room U'miw'rnlnro. Tho wlro is not tinmaK*'«U pitt»'»i or m 'asm* v 

rtHhu'oil in tiinm.'tor ul'tt'r linm M'sion, agitation, lor on»‘ m'nnio •.‘nis soUiiion. 

ImnuHltalt'lN prii»r to tiu' lli'l »Up partioU's oi (iiri, llu\ jvsithu', »»il anil mvaso 
I'lo. , aiv rom »v«\i l»\ nil rasonioall> oloaninn ilu' wiro in tiisMiioti wator ior vau' mtnuto, 
then in m 'ihaiu»l t.*r on«' nUiuiU\ 

ri*llo\vin^ liu' aoi^i '.ip, ll»»' \\ir» s aro ultrasonioalU t'li'anoii a>iain In wator aiui 
tl\«‘n iji aoolont' for ono m’lmlo t ;*o|\, 'i'ltoro aro n»> othor I'luanU'als us<Hi lor oioanin^ 
llu' Wirt'S. I'aoh win' slumlii U' olt'ht'ti lt» a pv'ini imm 'tiiait'lv afit'r olt'anin>i U' av»»iti 
rt'i'tMilam’naiit'n. 

Allt'r t'lt'liinu.llu' whiskt'r assom^'lx shouM Ih> oli'aiu'vl willi lIu' walor, iho IK I 
ilip, walt'r aKain, aiui fmall\ aot'li'iu', U' rt'in '\o .'lu'nisiaiions ol l>\ -pro\Uu'is »>l iho 
1 'U‘lunK priH't'ss lhal it'iu un t»n Iho surlat't' t'l llio \\ii t' Ut'ar liio up. t'no m'nulo in o.u h 
hath, with ullrast'uio a.i;iiaUon, is snffioit'iu. 

1^' Si ra i ^l\t lu'ss 

II is inijH'rlanl that ilu' Up ol iho wu t' t'liU'r llu* olohani normal lo iho snrlat’o s»» 
lhal Iho point is s\ non 'inoallv Unanovl. Phosphor hron/t' wiro as il oi'in-'s oil iht' rool 
is Si'lilvMn pt'ilt'olU straight. With llu' K'limh ol wiro iist'tl i ' I 'l-inoh i Iho -'luls ina\ 
bt' up lo It'll ih'mot's oul of lino with oaoh t'lhor. Atliusim 'iit sluniM bt' in nlo, aPor 
st'hlt'vin^ iht' wu't' li» lIu' pi'sl.lw lu'iulin^ ilu' wirt' at ils bas«' unUl ilu' lar oiul *'l tho 
wiro is parallt'l lo ilu' jH»st. I'lu' lar t'lul ol llu' wirt' will noi llu'ii lit' on ilu' avis ol iho 
niokol post IhiI this is noi im.H»rtani siiu'i', bt'b>ro t'lohiiij;. iho win' oan bo v'onlt'rt'il in 


Iht' olohtni; ooll. 


§3.3 StoraRt* 


IXirinji hamilin^ ;md storaur tho wire m .\ electrostatically attract and hold 
chcin’cally active dust ixirticlcs which arc ditficult to remove. Once the wires have 
been mounted on iH>sts and cleaned it is best to trmust'er them im nodiately to an inert 
dust free atmosphere. If this is not di>ne the wires may eventually U'cimv.' too eontami- 
natetl for proper etehinj; to t;ike place. We find that a motal storajje rack in a jar con- 
taining' anhydiams calcium suljilvde desiccant crystals is satisfactory: tlie m 'tal rack 
appears Initer than a plastic one as the whiskers are less inclined to acquire a static 
char^r which would attract dust. 


§3.4 Ktehant Vibrations 


It is important to have a completely steady air 'etchant interface since this is 
where the final shaping of the whisker tip is done. Low frequency building vilirations 
can c:iuse waves on the surface t>f a large etching cell, even if a pneumatic vibratii>n 
isolation table is used. It has been found that a relatively small eti'hing cell damps o«it 
waves sufficiently: the dim.'usions of the cell should be ' I '1 itu’h on i';»eh side - even 
a 1 '2 inch cell h:»s Iven found Iw large. The main disadviintage of the sm:dl cell is 
that the meniscus at the cell walls gives a horizontal surface only at the center of the 
cell, and the whisker mast be positioned at this point if a uniform *ip is to be achieved. 


§3.r> Whisker Pointing Appandus 

'I'he :ipparatus used for pointing whisi;ers is shown in Fig. 3.1. Its essential 
features are: pi A glass cell for the electrolyte - see §3.(t - with adjustm mts which 
allow the whisker to be located :it the correct depth and near the center of the cell. 

Oi) A microscope which alK>ws the whisker to Iv viewed fi\>m below the surlaee of the 
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electrolyte. A 15 imi working distance lens" is used with 20X eyepieces, (iii) X-Y-Z 
adjustments which enable the whisker and cell to be brought into the field of the micro- 
scope, and focused. (iv) An illuminator with an infrared filter to prevent heating of 
the electrolyte, (v) A power supply with a setting accuracy of ~1 mV. 

?3.G The Cell Used for PCE Solution 

As mentioned in §3.4 a 1/4 inch cubic cell was found to be neaiiy optimum for 
suppressing surface ripples. The cell is fabricated from pieces of microscope slide 
glued together using epoxy adhesive. ** 

The choice of cathotie material for use with PCE solution was found to be quite 
critical. A platinum cathode had been used successfully for pointing fine wires (tungsten, 
phosphor-bronze, niobium) in a sexiium hydroxide electrolyte, and accordingly platinum 
foil was initially tried with the PCE solution. In this case however we found that after 
using the same piece of platinum for a while an increased voltage w:is required to pro- 
duce a pointed whisker; the more the cathtxie was used, the higher the voltage. Even- 
tually more than twice the initial voltage was needed to etch the whisker. If the cathode 
was scrubbed clean, the excess voltage was te* iporarily reduced. Stainless steel ex- 
hibited the siuno behavior, but with a gold cathode the difficulty disappeared. This effect is 
probable i result of hydrogen adsorption on the surfaces of the platinum and steel cathodes. 
The required voltage using a gold cathexie is ~750 millivolts, and is quite repeatable provided 
fresh PCE solution is used even’ day. Cell temperature has some inllucnec on the required 
voltage; however at normal rcx)m temperatui*es the effect is small enough to be ignored. 

(Heat from the illuminator is removed by the IR filter - Fig. 3. 1). 

*Nikon type 77254 U20, N. A. 0.33, 15 mm working distance. 

**Sears & Roebuck Co. , Craftsman #9 8059. 


§3.7 Whisker EtchinK 


The shape of the etched whisker can be quite effectively controlled by the applied 
voltage, and to a lesser extent by the length of wire inij-n .'rsed in the etchant. "Zero" 

immersed length has been f6und most conducive to forming a (50-1)0 degree cone angle: 

% 

this is achieved by lowering a wetted wire until it just contacts the surface of the li(]uid, 
whereupon the meniscus rises 0.0010" to 0.0015" up the wire (when using 0.0005" 
diameter wire). A voltage of ~0.750V is applied to the wire after imnersion, and 
etching is allowed to continue until the meniscus falls away from the point. The voltage 
applied to the whisker has a strong effect on the cone angle :ind the tip diameter. Vari- 
ations of only a few tens of millivolts can make the difference between cone angles as 
blunt as 115 degrees and as sharp as 30 degrees. 

Observing the etching action through the microscope after the voltage has been 
applied, a mass of small bubbles is seen surrounding the wire tip. Usually the view of 
the tip is obscured by the bubbles. The total etching time should l)c ~00 sec. , during 
which the etching current can be recorded, providing useful indication of whether the 
process is proceeding normally. The current vs. tim'‘ graijh should proceed smoothly 
down from the initial high current, and break abruptly at completion of etching - see 
Fig. 3.2. A short total etch time results in a narrow cone angle, while a l(>ng etch time 
form 5 a wide angle, or even a completely blunt tip. 

The detailed mechanism of etching is not understood, but from numerous obser- 
vations it a^jpears that a transparent sheath forms arouiwi the wire tiuring etching, :uui 
is continuously dissolved and reformed. This sheath can bt' easily observed in the 
m’croscope w'hew the ai 4 )lied voltage is too low', appearing as a transpai'ent cylinder 
that remains attached to the eira of the wire. If the voltage is too low' this shcatl; 





jM'rvonls th«' i'orr«'»'l potniinK ncUon on Uu' \vir«' U'omiH*' Iho m 'iU.hi'us ionnod hv tin* 
olt'lwuit .sni'l;'t'i* ivin.iUtM allm'ln'd U> llu' ovUiulor lon>; nllnr tMt'liln^ shonUi lm\«' orasnl. 
ItiuU’f oUvuin,<linuvj* rli'ltiuK t'onllnui'S (nsitU' llu' r\luuU'i', ll>o li|Minlil 

n»* ron«' Is loll, ,‘iihI lln' win' **nr«' n^iiln Iw'oomi's llnl U|*|w'd. An InU'nn 'tllnlo dominion 
(ono llnil Is lo ho nvoltli'd also, sinoo lh«' rosnll Is nsnnllx an asvnnt .'I I'loal i't«nol is Ihal 
iho onIiiuK'I' hroalvs oil Iroin 'ho w hv In ono or in *»v pUH'i's insloatl of oilhor s«a>in^ on, 
or iH'In^; oonll*';inHis!> tUssttlvod. 

AMor oh'InuK Is I'oniploU' an«l llio \ollaKo swilolu'd oil, llio linisliod wliisKor nriv 
ho hwxorod inh> iho ololiani analn lor inspoollon llm>n>;li ll\o inlor\»st't»|*o. I'lio shapo oan 
ho soon, aiul a rount' Idoa ol Iho lip iliano'ior oan Ih> t>hlalno«l with si<in • osporlonoo, II 
llu' shapo is nol sallslaolorx Iho whisUor m ix K' ro olohod. II Iho whiski'r is woll 
loi in 'd hnl Us Up dlain 'h'r Is I«h* sin, ill, il in ix h»* hlnnlod usin^ Iho pidso hhintin^ 
loohni«|m< i ;i. S». II a s»'aniniiK oloolron in orosoopo is axailahlo Iho whiskoi should ho 
inspoolod in Iho Sl'M holoio and allor hhnilini;. Opiioal in'i'iosoopos wonUI haxo lo 
U' oporah'd K-xond Ihoir rosolnih*n llin l in onlor lo in 'asnro aoonralolx a whiskor 
point in.ido lo oonlaol a in'.oron '.!!>o*v>ior diislo. 

S ^^dso lUnnlnuj 

It has hron hnind lhal h\ mon 'isln^'. Iho Up ol llv.' whiski'i' in a sislniin hxdrovnio 
sohiUon 10', h\ woi^hn aiul appIxtiiK rolatixolx hlnh posilix*' xollam' pnisos lo Iho 
whiskor, inoial is olohod ohu'llx lioin ‘ho aolnal w hi.skor poinl, I'ho siinplosl in ‘t hod 
ol appIxtiiK Iho pnisos lo iho whiskor Is h* allow a oajiiioiloi h< disohai>io lhrou^h ,i push 
hnllon swlloh, nsin»; Iho oiroinl shown in I'lfi. 


A plattnnin 'alhodo is ns»'»l. 
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Fig. 3.3 


Experiments were made to determine a set of satisfactory operating conditions. 
By fixing the capacitor at 0.47 laF it was found possible, with 0. 003" of whisker im- 
mersed, to achieve a controllable rate of blunting. 10 to 20 pulses with the capacitor 
charged up to the supply voltage of 20V produces a tip diameter of ~1.5n from a very 
sharp tip. 
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The etohinK apparatus of FiK. 3. 1 was used for pulse bluntinK. This enabled the 
tip to be observed bt*tween pulses. An SEM was used for final measurements after 
blunting. 

?3,9 Cleaning Before Gold Plating 

To aehieve uniform gold plating it is essential to clean the whisker thoroughly. 
We have tried several chemical cleaning solutions, and also cathixiic electrocleaning, 
but withiHit satisfactory’ results. However, good plating has been achieved following a 
short period of sputter-etching by argon ions. 


A dc sputtering system Is used*, with the whisker positioned vertically on the 
catluxie. Other whisker orientations were tried (hori/.itntal, and partially recessed in- 
to the cathiHie) but these suffered from excessive back-sputtering of catluxie material 
onto the whisker. With the whisker aixi juist standing point uppt'rm >st on the catluxie, 
most of the etching is accomplished in the middle** of the whisker and on the nickel post. 
It is found that cmnigh cleaning action t:ikes place at the tip when the am Hint of material 
removed from the middle of the wire anuxints to ~7‘\ of the original diameter. The 
eatluxle to aiuxie spacing is set at —2 inches. This is greater than the sixieing norm;Uly 
used in this instrument, but results in nrore stable oix'ration at the low current neces- 
sary to avoid overheating the whisker. A current of -^3 mA \ras found tt> Ix' ihe maxi- 
mum current fx'rmissible*** ituring sputter etching. The argon pressure, 10-20 


Technics Ine. , Alexandria, VA, 


Mixiel '•Humaicr 11”. 


It is thought tliat the tapering action may be eauseii by splashing of the stream of ions 
incident on the tip of the whisker, thereby deileeting ions from the ixirt of the v.ire 
just beneath the tip. At the center of the wire the ions impinge at an effective angle 
again, while at the Ixdtom of the wire they are travelling more nearly parallel to die 
wire, ami therefore cause less etching. 


♦ ♦ ♦ 


Excessive current molts the soliler (00'^ C' MPi holding the whisker on its post, or 
warjis the wire. 



macrons, is adjusted to maintain ~3 mA at fixed voltafio. The whiskers are etched in 
batches of 5 under these conditions for 5 minutes. 

Inspection of the sputter-cleaned whiskers in our ISI Mini-SKM was found to re- 
contam'nate the surface. After examination at high magnification, the area scanned by 
the electron beam was clearly visible at lower magnification as a slightly darkened region. 
A suggested :tusc of this is that diffusion-pump oil vapor is decomposed on the whisker 
by the energy of the electron beam. Consequently we transfer the cleaned whisker direc- 
tly to the plating bath without intermediate inspection. 

§3.10 Gold Plating 

Satisfactory gold plating is achieved using a commercial plating solution iSclrcx: 

Antroncx-N) at room temperature, with the current density recommended by the manu- 
2 

facturcr (3mA/cm ). LTtrasonic agitation is used during plating: this appears to give 
a more uniform plate — probably by releasing bubbles evolved on the metal surface 
which would otherwise block plating in their vicinitj’. The area of plating is determined 
by immersing the whole of the whisker and a measured length of the nickel whisker-post 
before applying the current. Typically the 0. 030 inch diameter posts arc immersed to a 
depth of 0. 10 inch, which, for 3 ASF, requires a current of 0.2 mA. After 3 mins, 
plating time the calculated plating thickness is ~1600A. 

During the plating operation cleanliness is extremely important. VVe use fresh 
gold plating solution each day, even thoug*' th^ old solution has obviously noi been exhaus- 
ted. Contamination from the atmosphere by dust and organic matter is likely to give poor 
results with old solutions. 
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§3. 11 Test of Plating Quality; the Push Test 

After the whisker has been gold plated, the quality of the gold plating at the tip 
can be tested, without damage to the whisker, by measuring the force needed to make a 
good electrical contact with a cli'un gold surface. This may be done as shown schemati- 
cally in Fig. 3.4 by bringing the whisker tip into contact with a thin piece of gold foil, 
and measuring the contact resistance vs. the deflection of the foil. The foil we use is a 
piece of bt'ryllium loped gold (10 ppm Beryllium) ~0.5 inch free length ami 0.040 inch 
wide by 0.0012 inch thick, which gives a spring constant, measured at its free end, of 
0. 7 mg per 0. 001 inch of deflection. No permanent tip deformation has been observed 
for whiskers with cone angles of 70*^ - 90° with contact forces up to ~4 mg. 



Fig. 3. 4 
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A typical resistance curve is shown in Fig. 3. 5 for plated whiskers. We have 
found that for all whiskers there is ~0.50 excess resistance, even at 4 mg. contact 
force, that can not be attributed to lead resistance. Calculations show that ~0 . 50 can 
be accounted for by current crowding at the point of contact if the effective diameter of 
the contact area is ~0. 1 micron. The fact that no tip damage is observed under the 
SEM after the push test indicates a contact diameter <0. 1 micron. (SEM resolution is 
~500A). 

It should be noted that the contact force between whisker and diode when a diode 
is contacted in the usual way, is sufHcient to produce considerable deformation of the 
whisker tip, and is therefore much greater than the forces used in this simple "push- 
test". 



OR FORCE (07mg UNITS) 


Fig. 3.5 



?4« Step-By-Step Fabrication P r ocedure 


This section lists, in ordi*r, the essential steps in mikint; phosphor-bronze 
contact whiskers. The compositions of the various solutions are jjiven in the apprt>pri- 
ate sections. 


§4.1 Solder ~0. 25 inch lengths of 0.0005 inch diameter phosphor-bronze ♦ wire axially 
to the ends of ~0. 5 inch lonp posts made from 0. 030 inch diameter nickel wire. The 
solder used is Alpha B20E2 (M. P. 96*^ C) with Supersafe #30 organic flux. *♦ Trim the 
ends of the wires flat with a sm'Ul guillotine. 

§4.2 Clean these assemblies of all residual flux (Supersafe #30 is water soluble) by 
immersion in distilled water, with ultrasonic agitation, for one minute, then in methyl 
alcohol, with ultrasonic agitation, fi>r one minute. Store these assemblies as explained 
in §3.3. 

§4.3 Immediately before pointing the whisker, dip the whisker in a 50'^ solution by 
volume of hydrochloric acid and ilistilled water (use a fume hiHxi) for one minute with 
agitation. Rinse off the acid w ith distilled water while still umier the fume hmui. Clean 
in distilled water, with ultrasonic agitation, for 30 seconds, then in acetone, with ultra- 
sonic agitation, for 30 seconds. 


§4. 4 Mount the whisker in the pointing apparatus (§3.7). 
with PCK solution, made up from 100 ml ph()sphorie acid 


Fill tlie 1/4" gold-eatlKKie cell 
, 12.5 gm chi’omium trioxide 


V-Rronze 92',' 
♦ ♦ 

Superior Mfg. 


Cu, 8‘’,‘ Sn, stress relieved, 
Co. , Cleveland, Ohio. 


from Sigmund Cohn, Mt. Vernon, 


N. Y. 
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and 39. 5 ml water. Wet the end 0.005 inch of the wire in the PCE solution, withdraw, 
and adjust for ’’zero" immers.on depth as explained in §3. 7. F:tch the wire until the 
meniscus falls away, as explained in §3.7, obser\ing progress through the microscope', 
and record the etching current vs. time using a chart recorder. 

§4.5 Wash the assembly in distilled water, with ultrasonic agitation, for 30 see. , 
immerse in 50% hydrochloric acid (use funu' hcx>d) for one minute to remove etching 
by-products, then rinse off the acid in distilled water while still under the fume hood. 
Clean, with ultrasonic agitation, in distilled water for one minute, and then in acetone, 
with ultrasonic agitation, for one minute. 

§4.6 If an SEM is available check the whisker for quality at this stage. If necessan- 
blunt the point using the pulse-blunting prtx'eilure described in §3.8, using a cell with 
a platinum catluxie and 10% (by weight) solution of sixlium by^^^oxide. Heelean as in 
§4. 5 before reinspection. 

§4.7 Sputter etch the whisker assembly for 5 minutes as detailed in §3.9. Gold plate 
immediately - do not examine in SEM. 

§4.8 Cold plate to the required thickness using Selrex; Autronex-N gold plating solution 
as detailed in §3. 10. 

§4.9 Wash the gold plated assembly in distilled water, then in acetone, using ultrasonic 
agitation, for 30 seconds each. 

§4. 10 Test the contact resistance as det;iiled in §3. 11. 

§4. 11 Store the finished whisker in a dessicator until nx^uired for use. 


till 1111 iiai.ii 111* ri 
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